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Abstract 

Sandia  National  Laboratories' Z machine  provides  a  variable-width,  high  power  x-ray 
pulse that  can be applied to basic  science  experiments  on  the  interaction of x-rays with 
matter.  For this work, Si, AI, and Mg tracers of thickness -%I1 alomslcm"2  were 
embedded  at different  depths in 7.7 um  and 11.5 urn  parylene (CH) foils.  Time- 
integrated  absorption  spectra of  these  tracers  provide  information  on  the  radiation profile 
in  the foil  leading up  to  the time of  peak  z-pinch  power. This data is  compared to 
computational  models  in  two  ways.  First,  the  SPECTROFlT  chi-squared  fitting 
program is applied  to  determine  the  best-tit  contours in temperalure-density  phase  space 
between  the  data  and  IATBASE  calculations of the atomic  level  lransitions.  Second.  the 
experiments are  simulated by BUCKY I-D radiation-hydrodynamics  calculations using 
a  time-  and frequencydependent radiation  boundary  condition  determined by VISRAD 

conditions  are  then  post-processed by a  collisional  radiative  equilibrium  (CRE)  model  in 
3-D  view factor simulations  of the  z-pinch diode region.  The  calculated  plasma 

features  over the spectral  range of interesL These  calculations, and  their comparison lo 
the  SPECT3D spectral  analysis  code to determine  the  relative  amplitude of absorption 

the experimental  data,  will be presented  and discussed. 
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P- Sandia's Z machine  provides  a  test-bed for basic 
science  experiments on the  interaction of x-rays  with  matter. 

/ I Z-Dinch currenr/wwer Drot~es* 
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A 7.7 pm planar  CH foil with Si, AI, and MgF, tracer 
layers  was  fielded on shot 2873 
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Each absorption spectra shows  charge  states up to Li-like 

Si A1 Mg 
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w -  atomic/plasma  physics  calculations through an  automatic chi- 
- he time-integrated data can  be  compared  to single-point 

sauared fitting ~r~erm called SPECXROFIT. 

SPECTROFIT 
* Reads  detailed  line-opacity tables' 

generated by the JATBME code 
- LTE and Non-LTE opacities 
- Arbitray  plasma  mixtures 

* C o m p m  two relative  transmission 
absorption spectra  (i.e.  experiment 
vs. calculation) at discrete 
temperatures and densities. 

* Computes  chi-squared fit parameter 
for a  user-defined grid resolution 
over a specified temperature and 
density range. 

* Reports  fit-variance, x'. and + l c  

K-a data and a JATBASE calculation at 
Comparison between time-integrated Si 

T=40 eV  and 1$=1.5xlO'~m~ 
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The SPEmOFIT x2 and  fit-variance 

phase  space  where  the  calculated spectra best match  the data. 
curves  show  the  contour  in temperature-density 
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spectra,  but  gradients (in temperature,  density, and/or time) 
lar analysis  can be conducted on the AI and  Mg K-a 

make  large  error-bars. 
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Aluminum K-CL Fits Magnesium K-CL Fits 

conditions in the sample  can  be  calculated 
by coupling  together a number of simulations 

c 4 Simulation: View Factors 
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Density and  Temperature Profile 
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1 Simulation:  Detailed  Line  Emission and  Absorption I 
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layers tamped by thin (e 1.25 pm) CH layers on shots S I 9  and 2597, 
..-; method has worked well in simulating the  charge states of AI 

Calculated vs. Measured  Aluminum K-a Spectra 

2419 2597 

- Calculation 

For shot 2873, VISRAD simulations  calculate a wide (20 ns 
fwhm), low-temperature (< 40 eV) x-ray  radiation  drive. 

View-factor  results at peak power 
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Incident  Spectra at t = 100 ns 
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shots 2417 and 2597, BUCKY rad-hydro  calculations 
of the  thicker CH sample  on  shot 2873 severely under- -v predict  the  charge-states  in  each  tracer layer. 

Silicon Aluminum  Magnesium 

concluded that the  rad-hydro  calculations  under-predict the 
Based on  the SPECl'ROFIT analysis of each tracer, it is 

temperature,  and  over-predict  the  density  throughout  the sample. 
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A new experiment  is  being  fielded  to address these issues in a 
more consistent way 

Q 
Time and space 
resolved elliptical 
spectrometer 
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* Silicon,  aluminum,  and  magnesium K-a absorption  lines  were  measured  on shot 

constraint on simulations  that  were  previously used to analyze  experiments 
2873 at different  depths  within  a 7.7 Fm CH foil. This has  placed  an  extra 

conducted  in  a  similar  gemmetry  with  single  foil  trace^ layers. 

f A chiquared comparison  between atomidplasma spectral  calculations and each 
absorption  spectrum has been completed. This analysis  suggests  that  the 
temperamre  profile is much  higher, and flatter  throughout  the  sample  than 
calculated by radiation-hydrodynamics simulatiws. 

- While  these  methods  have worked well  on other experiments, the  lack  of 
agreement  between  calculations  and  this data suggests a  fundamental 

distribution of the  z-pinch  radiation. 
misunderstanding  in  either  the  physical  properties  of  the  sample, or in the spectral 

An intemated exmriment has k n  desimed to simplify  the  hasic  conditions,  and 


